The goal of this study was to delineate the patterns of distant metastasis from colon adenocarcinoma (CAC) and evaluate the survival differences by metastatic patterns. Methods: Using the Surveillance, Epidemiology, and End Results (SEER) database, we extracted patients diagnosed with stage IV CAC between 2010 and 2016. Kaplan-Meier survival curves were plotted with log-rank tests to compare overall survival (OS) of patients with different metastatic patterns. Univariate and multivariate Cox proportional hazards regression models were used to evaluate the effects of different metastatic patterns on survival outcomes in terms of OS and disease-specific survival (DSS). Results: A total of 26 170 patients were analyzed. The 3-and 5-year OS were 20.7% and 10.5%, respectively, for patients with stage IV CAC. The most common distant metastatic site was the liver, followed by the lung, bone, and brain, but the frequency differed greatly by histology subtypes. The site of metastasis was a significant prognostic factor for OS and DSS in patients with stage IV CAC, independent of the number of metastatic sites and other clinical and demographic prognostic factors. Using liver-only metastasis as reference, lung-only metastasis was associated with better OS (hazard ratio [HR] = 0.82, 95% confidence interval [CI], 0.71-0.94) and DSS (HR = 0.75, 95% CI, 0.64-0.88). Older age, black race, unmarried status, grade III/ IV tumors, advanced tumor-node-metastasis (TNM) stage, proximal colon, elevated preoperative carcinoembryonic antigen (CEA), no surgery of the primary site, and no chemotherapy were independent predictors of poor OS. Conclusions: The site of distant metastasis and number of metastasis site were independent prognostic factors for survival of patients with stage IV CAC. This study highlights the need for diverse treatment strategies for patients with different metastatic patterns. K E Y W O R D S mucinous adenocarcinoma, prognosis, signet ring cell carcinoma, survival analysis, synchronous metastasis 362 |
| INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancer worldwide, with over 1.8 million new cases estimated to be diagnosed in 2018. 1 The United States is among the countries with high incidence of CRC. An estimated 145 600 new CRC cases are expected to occur in 2019, accounting for 8.3% of all new cancers in the United States. 2 Survival improvement of CRC has been observed in the past decades, largely attributing to the expending efforts in screening and early detection and recent advances in systemic and local treatment modalities. Despite these, CRC remains the third leading cause of cancer-related mortality in the United States, where an estimated 51 020 deaths from CRC are expected in 2019. 2 Metastases are the main cause of CRC-related mortality. Approximately, 22% of CRCs are metastatic at initial diagnosis, and about 70% of patients will eventually develop metastatic relapse. [3] [4] [5] Patients with metastatic CRC face poor prognosis in general, with a relative 5-year survival rate of 14%, compared to 71% and 90% in those with regional and localized CRC in the United States. 6 Understanding metastatic characteristics with prognostic value is crucial for planning and decision-making regarding selecting appropriate preventive and therapeutic regimens, but predicting survival outcomes of metastatic CRC remains challenging given the heterogeneity observed in tumor spread and biological features of the primary and metastatic tumors of the colorectum. 7 The American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) classification is widely used for CRC staging and prognosis prediction. The eighth edition of the TNM for CRC, released in 2017, introduced a modification to the M category by including a new M stage involving metastasis to the peritoneum, based on accumulating evidence supporting it as an indicator of poor prognosis. 8 However, the current M category is still broad, covering a heterogeneous group of metastatic CRCs in terms of survival outcomes and potential effective treatment strategies.
The most frequent anatomic site for metastasis from CRC is the liver, due to its close proximity to the colorectum, with less frequent metastasis to the lung, bone, and nervous system. Considerable differences in site distribution of metastasis have been observed between colon and rectal cancers, and between different histological types. 9, 10 It is well recognized that metastatic spread to more than one distant organ confers worse survival outcomes in patients with CRC; this prognostic indictor has been incorporated into the AJCC TNM classification since the seventh edition published in 2010. 11 However, whether site of distant metastasis predicts survival outcomes remains unclear with inconsistent evidence. [12] [13] [14] [15] [16] [17] Most of these studies focused on a specific metastatic site, mostly the liver, but the prognostic implication of metastatic patterns including other less common sites has not yet been well characterized. In addition, demographic and clinical prognostic factors were rarely taken into consideration when interpreting the differential survival, primarily due to limited sample size and availability of demographic and clinical data.
In this study, we sought to delineate the patterns of distant metastasis and determine whether the site of metastasis correlates with survival outcomes among patients with colon cancer. Colon adenocarcinoma (CAC) is the most common type of colon cancer accounting for more than 90% of colon cancers diagnosed in the United States and was thus selected for the present study. 6 For this study, we evaluated data from 18 population-based cancer registries in 14 states that participate in the Surveillance, Epidemiology, and End Results program (SEER 18), which accounts for an approximately 28% of the United States population. 18 
| MATERIALS AND METHODS

| Data source
We retrieved data from the latest version of the SEER 18 registries database, released in November 2018, with the SEER*Stat software (version 8.3.5). 19 SEER is generally considered the gold standard for data quality in cancer registry, with near-complete case ascertainment and microscopic confirmation. 18 The SEER 18 database encompasses cancers diagnosed since 2000 and provides follow-up information regarding survival status and death causes to the end of year 2016 in the most recent version. Since data from SEER are publicly available and de-identified, this study was exempt from local institutional review board review.
| Patent selection
This study included adult patients (≥18 years old) with stage IV CAC diagnosed between 2010 and 2016. Patients not diagnosed as the first or only primary colon cancer were excluded. The diagnosis of CAC was identified using the International Classification of Disease for Oncology, Third Edition (ICD-O-3) histology codes for adenocarcinoma (8140-8147, 8210-8211, 8220-8221, 8260-8263), mucinous adenocarcinoma (MAC) (8480-8481), and signet ring cell carcinoma (SRCC) (8490) with the colon (site code: C18.0 and C18.2-18.9) listed as the primary site. The diagnosis was microscopically confirmed and cases identified from autopsy or death certification only were excluded.
| Covariates
Data regarding demographics (sex, race, ethnicity, age at diagnosis, and marital status), tumor characteristics (primary site, histologic grade, and AJCC stages), sites of metastasis, treatment, and follow-up for survival (survival months, vital status, and cause of death) were collected from the SEER database. Race in SEER is coded as white, American Indian/ Alaskan, and Asian/Pacific Islander. The latter two were grouped together as "other" in subsequent analysis due to small sample size. The primary tumor sites were categorized as proximal colon (C18.0, C18.2-18.5), distal colon (C18. 6-18.7) , and other (C18. 8-18.9) . SEER began to routinely collect carcinoembryonic antigen (CEA) laboratory interpretation prior to treatment for CRC since 2004. 20 CEA in SEER is coded as negative/normal, borderline (undermined if positive or negative), and positive/elevated. The extent and sites of metastasis were determined from the site-specific metastasis and AJCC M category data. SEER adopted AJCC seventh edition since 2010 and classified metastasis to one site as category M1a and metastases to multiple sites or peritonea metastasis as category M1b. Site-specific metastasis data were available in the SEER database since 2010 and only metastasis to the liver, lung, bone, and brain at diagnosis were provided.
| Outcome measures
Overall survival (OS) was defined as the survival interval from the time of cancer diagnosis to the time of death reported in vital status in the SEER database. Patients surviving past 31 December 2016 were classified as censored. Death occurring within 30 days of diagnosis was recorded as 0 for survival in months in the SEER database, which was determined considering the use of 30 days as a cut-off for perioperative mortality. For disease-specific survival (DSS), deaths from causes other than colon cancer were treated as censored observations.
| Statistical analysis
Descriptive statistics were presented as percentage or median with interquartile range as appropriate. A Chi-square test was used to compare difference between groups for categorical variables. Kaplan-Meier survival curves were used to plot overall survival and a log-rank test was used to compare survival curves between patients with different metastasis patterns. A life table analysis was performed to calculate survival rates and corresponding 95% confidence intervals (95% CIs). A Cox proportional hazards regression model was used to calculate hazard ratios (HRs) and 95% CIs of covariates associated with OS and DSS, respectively. Covariates subject to univariate Cox regression analysis included: age at diagnosis (≤median and >median), sex (male and female), race (White, Black, and other), ethnicity (Hispanic, non-Hispanic), marital status (married, single, widowed, and divorced/separated), primary site (proximal, distal, and other), histologic grade (well differentiated, moderately differentiated, and poor differentiated or undifferentiated), histology (nonmucinous adenocarcinoma, MAC, and SRCC), M category (M1a, M1b, M1NOS), liver metastasis (yes and no), lung metastasis (yes and no), bone metastasis (yes and no), brain metastasis (yes and no), metastasis to one site (liver, lung, brain, bone, and other), CEA (positive, negative), surgery of the primary site performed as part of the first course of treatment (yes, no/unknown), and chemotherapy performed as part of the first course of treatment (yes, no/ unknown). These covariates were chosen based on knowledge of possible association with colon cancer occurrence and mortality. For multivariate Cox proportional hazards analysis, a stepwise procedure, with P < .15 as the criterion for entry and P > .05 as the criterion for removal, was used to select covariates for final multivariate models. A two-sided P < .05 was considered significant. Kaplan-Meier and logrank analyses were performed using GraphPad Prism 7.0 (GraphPad Software). All other tests were performed using SAS 13.2 (SAS Institute Inc).
| RESULTS
| Demographic and clinical characteristics
Overall, 26 170 adult patients diagnosed with primary stage IV CAC were reported in the SEER 18 database from 2010 to 2016, with a median (95% CI) OS of 13 months. 13, 14 MAC and SRCC were identified in 2131 (8.14%) and 564 (2.16%) of these patients, with a median (95% CI) OS of 13 12-14 and 8 months, 7-9 respectively. Using life table analysis, OS rates at 3 years and at 5 years were 20.7% (95% CI, 20.1%-21.2%) and 10.5% (95% CI, 10.0%-11.0%), respectively, for patients with stage IV CAC. The 3-year OS rate of patients with metastatic MAC was 17.7% (95% CI, 15.8%-19.5%), significantly higher than that of patients with metastatic SRCC (7.0%, 95% CI, 4.4%-9.6%) (P < .001). Table 1 presents the descriptive statistics of demographic and clinical features of these patients. The median age at diagnosis was 64 years and 7.58% of patients with stage IV CAC were younger than 45 years. Slightly more than half of patients were female for CAC and the MAC histology subtype, whereas for SRCC, there were more male than female cases; the difference was significant (P < .001). The primary tumor of both MAC and SRCC occurred more frequently in the proximal colon (62.04% and 64.89%, respectively), as compared to CAC overall (53.36%, P < .001). The percentage of patients negative for preoperative CEA was 22.70% in patients with SRCC, higher than that in other histological types (P < .001). For the choice of treatment, 39.1% of patients received both surgery and chemotherapy as the first course of treatment, followed by chemotherapy only in 24.9% of patients and surgery only in 18.3% of patients. Treatment was more aggressive for patients with metastatic MAC, of whom 46.4% received both surgery and chemotherapy, showing significant difference from SRCC and nonmucinous adenocarcinomas (P < .001). Table 2 describes the results of univariate analysis of survival outcomes stratified by demographic and clinical features in patients with stage IV CAC. On the univariate analysis, significant variables for OS and DSS included age at diagnosis, race, ethnicity, marital status, primary site of the tumor, tumor grade, histology types, TNM stage, preoperative CEA, surgery, and chemotherapy. These factors were entered into a Cox proportional hazards model for multivariate analysis and those remained significant were considered as confounders in the final models evaluating the impact of metastatic patterns on survival. Table 3 shows the distribution of site of metastasis by M category and histology type. The liver was the most common site of metastasis among these four sites recorded in the SEER data, but the frequency of liver metastasis varied greatly by histology types. Liver metastasis was detected in 73.63% of patients with CAC overall; the percentage reduced to 51.71% in patients with MAC and 20.57% in patients with SRCC. In patients with liver metastasis, solitary metastasis was reported in 54.03% and 47.28% of patients with CAC and with MAC, respectively, comparably higher than 23.28% in patients with SRCC. The lung was second to the liver as a common site of metastasis, detected in 21.76%, 14.17%, and 6.91% of patients with CAC, MAC, and SRCC, respectively. In patients with SRCC, the bone was slightly more common than the lung as a site of metastasis (7.27% and 6.91%, respectively). Concurrent metastases to the liver and lung were detected in 4262 (76.0%) patients with lung metastasis. Metastases to the brain were rare, detected in less than 2% of patients with metastatic disease.
| Site of metastasis
| Site-specific metastasis and survival outcomes
To explore the relationship between metastatic patterns and survival, we grouped patients based on the presence of site-specific metastasis regardless of the number of metastatic sites. Figure 1 displays Kaplan-Meier curves for OS in patients with and without site-specific metastasis. Tables 4 and 5 show univariate and multivariate analyses, respectively, of survival outcomes with respect to these metastatic site-related categories. As illustrated in Figure  1A , the presence of liver metastasis was an adverse prognostic factor for OS (log-rank P < .001). The 3-year OSs were 19.4% (95% CI, 18.7%-20.0%) and 24.9% (95% CI, 23.7%-26.1%) for patients with and without liver metastasis, respectively. On the univariate analysis, the presence of liver metastasis was associated with worse survival in terms of OS and DSS, respectively, in patients with CAC. On the multivariate analysis, the presence of liver metastasis was an independent prognostic factor associated with worse OS (HR = 1.40, 95% CI, 1.32-1.47) and DSS (HR = 1.46, 95% CI, 1.38-1.55) in patients with CAC. The liver metastasis-specific HRs retained significant in patients with MAC.
Metastasis to the lung, bone, and brain also had significant independent prognostic value in patients with stage IV CAC, but only presence of bone metastasis retained as an independent prognostic factor for OS and DSS in patients with MAC ( Table 4 and 5). In patients with CAC, the 3-year OSs were 12.9% (95% CI, 11.9%-14.0%) for patients with lung metastasis and 23.3% (95% CI, 22.6%-24.0%) for patients without lung metastasis, 8.7% (95% CI, 7.1%-10.4%) for patients with bone metastasis and 21.7% (95% CI, 21.1%-22.4%) for patients without bone metastasis, and 5.7% (95% CI, 2.6%-8.7%) for patients with brain metastasis and 21.2% (95% CI, 20.5%-21.8%) for patients without brain metastasis.
| Site of solitary metastasis and survival outcomes
A subgroup analysis in patients with M1a disease was performed to evaluate the impact of site of solitary metastasis on survival outcomes. In the subgroup analysis, we grouped patients into five categories based on site of metastasis and used liver-only metastasis as the reference based on relatively large sample size of this group. Patients with M1a disease but without metastasis to the liver, lung, bone, or brain were categorized into other unspecified sites. As illustrated in the Kaplan-Meier curves in Figure 2 , the survival probability differed significantly among these sites (log-rank P < .001 Table 5 ). In contrast, brain-only metastasis was associated with worse survival compared with liver-only metastasis. The significantly worse OS in patients with bone-only metastasis compared with liver-only metastasis found on univariate analysis disappeared after multivariate adjustment for possible confounding variables. In patients with MAC, brainonly metastasis had a more pronounced prognostic value on survival.
| Prognostic factors for patients with solitary metastasis to the liver and lung
Considering the relatively small sample size of patients with solitary metastasis to other sites, we only identified prognostic factors that were associated with OS for patients with solitary metastasis to the liver and lung, respectively ( OS. For patients with liver-only metastasis, distal colon as the primary tumor site was associated with better survival, but such prognostic benefit was not observed in patients with lung-only metastasis. Metastasis in four or more regional lymph nodes (N2 stage) independently predicted worse survival, while T stage did not act as an independent factor in affecting OS in patients with liver-only or lung-only metastasis. Elevated preoperative CEA was associated with worse survival for patients with liver-only (HR = 1.61, 95% CI, 1.46-1.78) and lung-only metastasis (HR = 1.37, 95% CI, 1.00-1.87). Notably, surgery of the primary site performed as part of the first course of treatment significantly improved OS both in patients with liveronly metastasis (HR = 0.37, 95% CI, 0.33-0.40) and lung-only metastasis (HR = 0.27, 95% CI, 0.19-0.40). Similarly, chemotherapy performed as the first course of treatment significantly prolonged survival of patients with liver-only metastasis (HR = 0.30, 95% CI, 0.28-0.32) and with lung-only metastasis (HR = 0.30, 95% CI, 0.23-0.40).
| DISCUSSION
Recent progress in understanding metastasis at molecular and genetic level has arouse growing interest in the epidemiology of metastatic CRC. In this study, we evaluated the association between metastatic patterns and survival outcomes of colon cancer using the SEER 18 registries data. Our findings demonstrated significant prognostic value of the site of distant metastasis at diagnosis in patients with stage IV CAC, which was independent of the number of metastatic sites and other clinical and demographic prognostic factors affecting survival. In patients with solitary metastasis, lung-only metastasis was a favorable prognostic indicator of OS and DSS compared with liver-only metastasis. In addition, we identified independent prognostic factors for patients with liveronly metastasis and lung-only metastasis and uniformly found a strong survival benefit of surgery of the primary site and chemotherapy as the initial treatment of choice. Accumulated studies compared the survival of CRC with different metastatic sites, but most studies were based on single institution experience with relatively small sample size or focused on a specific site of metastasis. 14, 17, 21, 22 The analysis reported herein took advantage of the large patient population of the SEER data to comprehensively examine the impact of metastatic sites on survival outcomes with adjustment for possible demographic and clinical variables known to affect survival. Consistent with previous literatures in small patient populations, [23] [24] [25] we confirmed that lung-only metastasis had survival advantage over liver-only metastasis even after multivariate adjustment. A recent analysis of two Australian cancer registry databases (5967 patients with CRC) revealed that the median OSs of brain-only and bone-only metastasis were much lower than that of liver-only and lung-only metastasis in patients with CRC. 15 Our univariate analysis results are largely in line with this report in Austrian patients, but multivariate adjustment eliminated the survival disadvantage of bone-only metastasis compared with liver-only metastasis. This seems against the common expectation that bone metastasis has a poor prognosis, but the results need to be explained in more detail. Firstly, the observed survival difference between patients with bone-only and liver-only metastasis may be explained by confounders. In our study, multiple demographic and clinical covariates affecting survival were included in the final multivariate Cox model. In an analysis of 1207 patients with CRC, the survival disadvantage of bone-only metastasis over liver-only metastasis was statistically significant but substantially diminished after adjustment with age and treatment only, supporting the significance of confounding. 23 Second, our analysis showed that 86.63% of patients with bone metastasis were in M1b stage, higher than the percentage of patients with metastasis to other distant organs. This is in line with previous case-series studies indicating that bone-only metastasis was a rare event for patients with colon cancer. 26, 27 Boneonly metastasis might reflect a separate entity in terms of tumor spread because metastasis to bone typically occurs through hematogenous dissemination and thus usually accompanies by the metastasis to other organs, predominantly the liver. 28 However, it should be noted that given the relatively small number of patients with bone-only metastasis, the multivariate analysis applied in this study may be too conservative or lack enough power to distinguish bone-only metastasis from liver-only metastasis in terms of survival outcomes. More studies in larger patient populations are needed to clarify this issue.
MAC and SRCC are uncommon histological subtypes of CAC displaying different clinical profiles and related to worse prognosis than nonmucinous adenocarcinomas. 9, 29, 30 In this study, synchronous liver metastasis was detected in 76.89% of patients with nonmucinous adenocarcinoma, but only in 51.71% These observed differences in metastatic patterns between different histological subtypes of CAC support the seed and soil hypothesis, which suggests that tumors metastasize preferentially to certain organs based on the interaction between tumor cells and microenvironment of their respective target organs. 31 In accordance with previous studies, 9, 30 survival difference was significant among these adenocarcinoma subtypes, with SRCC having the worst survival, followed by MAC. The clinical profiles of patients with MAC and SRCC included primary tumor to the proximal colon, and advanced T, N, and M stage, which not surprisingly predicted poor survival on both univariate and multivariate analyses. These factors, however, could not explain the survival difference since the survival difference retained significant after adjustment for these factors (results not shown). Notably, multivariate analysis revealed that brain-only metastasis was a strong prognostic predictor for poor survival of patients with MAC. But this result needs to be interpreted with caution as brain-only metastasis was reported in only two patients with MAC.
T A B L E 4 Univariate analysis of metastasis patterns associated with survival outcomes in patients with stage IV colon adenocarcinoma
Site of metastasis
Our study demonstrated a significant survival benefit from surgical resection of the primary tumor and chemotherapy in patients with stage IV colon cancer. The effects remained significant and strong on both univariate and multivariate analyses and in all subgroup analyses by histological types and metastatic patterns. This finding is in line with previous studies that demonstrated primary tumor resection and chemotherapy independently associated with better survival in patients with unresectable synchronous metastases from CRC. [32] [33] [34] Our study showed that 17.71% of patients with stage IV colon cancer received neither surgery nor chemotherapy. Therefore, our findings argue for more widespread use of surgical resection of primary tumor and chemotherapy in patients with stage IV disease. But it should be noted that the observed survival benefit related to surgery and chemotherapy may be due to selection bias, that is, patients who present with unresectable lesions or are critically ill may be less likely to receive surgery and chemotherapy as the first line of treatment. In addition, it should be noted that the treatment information in the SEER database is limited by the uncertainty whether patients categorized as "no/unknown" is due to not receiving treatment or due to missing data. As such, we could not exclude the possibility that survival benefit related to surgery and chemotherapy observed in this study may be inaccurate. Future studies using more accurate data are necessary to verify the results and better understand the survival impact of treatment. Liver and lung are common sits of distant metastasis for CAC. Our analysis demonstrated that unmarried status, grade III/IV tumors, multiple regional lymph node metastasis, and elevated CEA were independent predictors for poor survival both in patients with liver-only and lung-only metastasis. The results highlighted CEA as an independent prognostic factor for stage IV disease, independent of TNM stage and for both liver-only and lung-only metastasis. This finding is consistent with previous reports, 35, 36 that argue for routine preoperative CEA testing in patients with colon cancer to aid in treatment planning and prognosis assessment. Notably, our results revealed that the distal colon was associated with prolonged OS in patients with liver-only metastasis, but not in patients with lung-only metastasis, suggesting a disparity that may exist among patients with colon cancer. This is in accordance with previous studies indicating that cancers of the proximal and distal colon are distinct entities differing in embryologic origin, tumor behavior, genetic profile, and survival. 37, 38 CEA is used clinically as a biomarker for CRC diagnosis and has been closely related to liver metastasis. 39 This study has certain limitations. First, it should be noted that this analysis only included synchronous metastases diagnosed with the initial colon cancer. Consequently, this analysis might underestimate the metastatic burden of colon cancer and the results of metastatic patterns observed in this study might not be extended to patients with metachronous metastasis. Secondly, because the SEER database only recorded four sites of metastasis at diagnosis, this analysis did not comprehensively characterize site of metastasis from colon cancer. In addition, SEER provides limited information on treatment regimens, including details of adjuvant chemotherapy and surgery on metastasis. Third, the possible bias related to unable to accurately distinguish between no treatment and unknown if patients received treatment might lead to misleading results. However, multivariate analysis excluding treatment variables did not substantially change the results and led to the same conclusions of survival impact of metastatic patterns (results not shown). Fourth, the numbers of patients with brain and bone metastasis were relatively small, which reduced the statistical power to detect survival effects associated with these metastatic sites after adjustment for covariates. Future studies including more patients with brain and bone metastasis from colon cancer are needed to verify the results. In addition, subgroup analysis in patients with SRCC was not conducted due to limited sample size. Fifth, the vast majority of patients analyzed in this study were non-Hispanic whites and thus, the results might not be generalizable to populations of different ethnic origins.
Despite these limitations, our study analyzed the largest cohort of patients with metastatic colon cancer and the results clearly indicated that site of distant metastasis was an independent prognostic factor for survival of patients with CAC. Surgical resection of the primary tumor and chemotherapy offered significant survival benefits to patients with metastatic disease. Staging system taking into account the site of metastasis may result in better treatment risk stratification and more accurate prediction of survival in patients with colon cancer.
